between cooking and cognitive functions still remains unclear. Chevignard et al. found that children who suffered from moderate to severe traumatic brain injuries showed poor cooking ability compared to that of same-aged children who had not suffered any brain injuries. Since the act of cooking requires visual-spatial perception, concentration, decision-making, memory, and the execution of complicated hand movements, we hypothesized that the dorsolateral prefrontal cortex DLPFC of the brain plays a key role in these functions. Therefore, in our study, we measured the activity of the DLPFC in children during parent-and-child cooking using a near infrared spectroscopy device NIRS . The NIRS is a non-invasive technique because it uses low-intensity light of two or three wavelengths so that it can be applied to monitor the brain functions of children .
Concerning past studies involving brain activity measured with the NIRS during cooking activities, only one report has been found to date. This specific study found that DLPFC of adult subjects was activated while the subjects were peeling apples . To our knowledge, brain activity measurements during other cooking activities, or any studies involving the brain activity of children while cooking, have not been conducted yet.
Our studies produced interesting results, which we would like to share. ments of cognitive functions were performed on all participants pre test . The inter vention group followed the three-month intervention program. The control group did not participate in this intervention program and did their daily activities as usual. After the three-month program, the same measurements conducted in the pre test were performed on all participants post test . The differences between the pre test and the post test scores of each subject s cognitive functions in the inter vention group and each subject s cognitive functions in the control group, as well as the differences between the pre test and the post test scores between each group, were examined by twoway analysis of variance ANOVA . After that, we performed the paired t test as a post hoc examination. Statistical significance was set at p .
）Intervention Program
For months, the subjects were required to attend a cooking course once a week and to cook at home more than three times a week.
The cooking course was held times from June rd to August th. Through the course, the children learned daily basic cooking techniques, which they could use to cook everyday with their parents. The cooking course menu Table. consisted of simple dishes using seasonal ingredients. Each parent-and-child pair prepared all dishes by themselves. Gas stoves and gas ovens were used.
Regarding the home cooking, the intervention group subjects were required to cook at least three times a week, for to minutes each time. Each parent-and-child pair completed a homework sheet about the home cooking, and submitted it every week when they participated in the cooking course.
）Cognitive Measurements
The measurements of cognitive functions were performed on all of the children and parents of both groups by welltrained staff, prior to and after the intervention program, on May th and on September nd, respectively.
tests were used to measure the functions of association cortices.
① Measurement of General Cognitive Function
To measure the general cognitive function, we conduct- In the maze test, subjects are required to find the way from the start to the goal by drawing a line Fig. . The duration of the test is seconds, and number of correct answers accumulated during this second interval There are nine symbols. Each symbol corresponds to one digit, from 1 to 9, respectively (refer to above). Write the corresponding symbol of each number in the blanks below.
Groups of numbers will be read aloud by the speaker. First, memorize the order of the numbers in each group. Then, after hearing the instructions "Please start," write the group of numbers in the correct order in the blanks. Do not begin writing before you hear the instructions.
Fig. 3 Example Question of Conception Test

Measurement of Functions of the Prefrontal Cortices
Find and write a similar or common characteristic. 
These three pictures are the scenes from a person using a vaulting horse. However, these pictures are makes a sensible story.
in random order. Put the pictures in an order which obtained from all the subjects and one of the parents of each subject.
）Measurement Device
The measurement was performed using the NIRS NIRS ETG , Hitachi Medical Corporation, Tokyo . The subjects are required to wear a probe set on their heads. This probe set covered the DLPFC of the bilateral hemisphere 
）Assessment of Brain Activity
In this study, we measured the changes of oxy-hemoglobin concentration as an indicator of cortical activity.
Sampling rate was msec microseconds . We set the region of interest ROI over the DLPFC according to the atlas , and calculated the mean concentration of oxy-hemoglobin in the ROI for each sampling time. In this study, we used a conventional block design. The baseline was a second resting condition in which the subjects were asked to close their eyes, relax, stay calm and try not to think of anything. Regarding statistical analysis, we analyzed the average oxy-hemoglobin concentration during this second interval as well as deviation of noises during each task between the two baseline conditions of prior to and after the task.
The noises consisted of physiological noises such as heartbeat and respiration, physical noise from various apparatus, and unknown extra noises. We compared the brain activity while performing the cooking task to the brain activity in the baseline. Brain functions were considered significantly activated when the mean concentration of the oxy-hemoglobin while performing the cooking task became more than twice the standard deviation of noises during the baseline compared with the average concentration during the baseline. Then, we compared mean activity during each cooking task by analysis of variance ANOVA; subject x task for each ROI. In this ANO-VA analysis, statistically threshold was set at p .
）Cooking Tasks ① Outline
Measurement of brain activities was performed using two tasks; making pancakes with gas stove and serving the pancakes. First, the subjects were required to make pancakes. Then, the subjects were required to serve these pancakes with fr uit bananas and strawberries and whipped cream to two people on two separate plates.
Prior to setting the probe sets on the subjects heads, all subjects were informed that because of the probe set, their range of mobility i.e. ability to move their arms, ability to reach, etc. would be restricted while performing the task. After applying the probe set and prior to beginning the cooking tasks, in addition to the above instructions, the following instructions were also given:
Child can verbally ask parent for help during while performing any part of the cooking tasks.
Child and parent can talk to each other while performing any part of the cooking tasks. Note: Child and parent are not allowed to talk to each other during the baseline measurements
Child can serve the pancakes with fruit and whipped cream in any way they like.
In order to avoid errors in measurements and ensure accuracy, both child and parent are not allowed to taste or eat any of the prepared food or ingredients while performing the cooking or serving tasks.
② Procedures
The procedures of the test were as follows:
Child subject places the probe set on head.
Child and parent move to the gas stove table.
Parent act as a model and demonstrate how to make pancakes.
Child and parent each close their eyes and remain standing for seconds baseline measurement .
Child and parent stand in front of the gas stove.
Child makes pancakes while receiving verbal assistance from parent task measurement .
Child serves pancakes with fruit and whipped cream in any way they like for two people task measurement . After finishing this task, child is required to raise his/her hand. No time restrictions.
In order to facilitate the subject s performance of the cooking tasks as well as to reduce stress irritation signs in the subject due to the discomfort of the probe set, the pancake mix was prepared for the subject in advance.
Ⅲ．Results 1 ．Daily Intervention Program of Parent-and-Child Cooking
The results are summarized in Table . ①
Measurement of General Cognitive Function
In the digit symbol test, no statistically significant difference of variation between the two groups was observed.
However, the score of the children in the inter vention group improved from to p after the month inter vention program. Similarly, the score of the children of the control group also improved from to p during the month interval.
② Measurement of Functions of the Prefrontal Cortex
In the number memorizing test, no statistically significant difference of variation between the two groups was observed.
In the conception test, statistically significant difference of variation between the two groups was obser ved. Improvement of the score was statistically significantly high in the intervention group compared with the score in the control group p . The host hoc test showed that the score of the intervention group improved significantly from to p after the intervention program.
However, no such significant difference was found in the control group.
In the arranging test, no statistically significant difference of variation between the two groups was observed.
③ Measurement of Functions of the Parietal Cortex
In the maze test, no statistically significant difference of variation between the two groups was observed. However, the score of both the intervention group and the control group improved from to p and to p , respectively during the month interval.
In the D mental rotation test, statistically significant difference of variation between the two groups was observed. Improvement of the score was statistically significantly high in the intervention group compared with the score in the control group p . The host hoc test
showed that the score of the intervention group improved significantly from to p , while the score of the control group showed improvement from to p .
In the D mental rotation test, no statistically significant difference of variation between the two groups was observed. However, while the score of the intervention group improved from to p , the score of the control group showed improvement from to p .
④ Measurement of Functions of Temporal Cortex
In the matching test, no statistically significant difference of variation between the two groups was observed.
However, while the score of the intervention group improved from to p , the score of the control group improved from to p .
．Measurement of Brain Activity
In all subjects, activation of the dorsolateral prefrontal cortex DLPFC of both hemispheres was obser ved in each cooking task, making pancakes with gas stove and serving pancakes 
Ⅳ．Discussion
The findings of this study were striking. Regarding the conception test and the D test, the results of parentand-child cooking showed a greater statistically significant variation in the intervention group compared with that in the control group. In addition, activation of the DLPFC was observed in all subjects during the cooking tasks.
To our knowledge, this is the first study, which shows the improvement in children s cognitive functions and the activation of children s DLPFC through performing cooking tasks. According to the results of parent-and-child cooking, it appears that a child s prefrontal cortex, which controls conception and strategic thinking, can be stimulated by talking with the parent and by thinking of and preparing for the next procedure.
Likewise, a child s parietal cortex, which controls coordination of both hands, can be trained by performing cooking tasks such as cutting ingredients with a knife, adjusting the gas fire, and serving dishes.
Many of the child subjects acknowledged a boost in self-confidence as well as a definite improvement in cook- Therefore, parent-and-child cooking can also be expected to provide the same positive effects.
Ⅴ．Summary
The objective of the study was to demonstrate that a child s daily par ticipation in parent-and-child cooking leads to an improvement of the child s brain functions.
We performed the daily intervention program of parentand-child cooking and the measurement of brain activity during cooking activities using a near infrared spectroscopy. In the daily inter vention program, child subjects and their parents were randomly divided into two groups. 
